rCBF was measured by '"Xenon inhalation at rest and during pC0 2 manipulation in 19 patients prior to and at various times after STA-MCA bypass surgery. The resting flow increased gradually postoperatively, seemingly more due to progressive clinical recovery from the original neurologic disability than due to the surgical intervention. C0 2 reactivity increased in some patients, more in those who pre-operative^ had the poorest reactivity. The negative relationship between preoperative reactivity and postoperative change in reactivity was highly significant. These observations are consistent with the interpretation that the surgery did not significantly affect the resting flow level but did augment the collateral reserve in those cases in which it had been most severely impaired by the arterial lesion.
A BASIC ARTICLE of faith held by most of us who sometimes recommend STA-MCA bypass to patients is that it may help some of them by increasing the blood flow to the brain, or if not that, it at least increases the number of blood vessels by which blood can flow into the brain. The clinical experience of cessation of recurrent TIA following a bypass operation in a patient with carotid artery occlusion is a gratifying one, though for us it has been relatively rare. 1 " 5 In this paper, we wish to present our initial experience with the serial measurement of rCBF and C0 2 reactivity in patients undergoing STA-MCA bypass surgery. It will be seen that the putative benefits of the procedure do not appear to be mediated by a significant sustained effect on the resting rCBF, though a trend toward enhancement of C0 2 reactivity in some patients does appear, lending some support to the hypothesis that the collateral circulation reserve may be enhanced. To the extent that this result may be beneficial, it may become possible to use rCBF measurements as an aid to the primarily clinical decision to perform this surgery.
In the context of this clinical study we make comparisons of two commonly used rCBF indices, the U and the ISI and find, again, some reason for preference for the latter. 6 Methods Patient Selection 19 patients aged 46-68 (mean 62), with internal carotid occlusion (11) , carotid siphon stenosis (5), middle cerebral artery occlusion (2) , and middle cerebral artery stenosis (1) were selected for STA-MCA bypass surgery on the basis of clinical and angiographic data, without regard to the rCBF measurements. Clinical disability was mild in all cases: all could walk, talk, and grasp objects with either hand. None had large cerebral lesions as judged by CT scan. 17 were male (many from our V.A. service cases the MABP was maintained less than 120 mmHg with appropriate therapy. None had diabetes. Criteria developing in our own practice, 7 based on important prior contributions to the literature 1-6 before us have led to a very high rate of anastomosis patency: postoperative angiography was performed in 14 of these cases, usually on about the fifth day, confirming patency in all of these. There were no technical problems in performing the anastomosis in the other 5 and their postoperative clinical and rCBF behavior were not different from the 14 in whom it was performed. From our total clinical practice during time this study was being done, 59 patients have undergone this surgery. Fifty-four of these have had postoperative angiography confirming patency in 49 (96%). Preoperatively, the STA diameter was greater than 1 mm in all cases with an average of 2.1 mm, increasing to an average of 2.8 mm postoperatively. Our own opinions about patient selection for surgery are described separately. 7 rCBF measurement contributes little to the decision.
Measurement of rCBF rCBF was determined by the 133 Xenon inhalation method as described in several previous papers, using the two compartment mathematical model perfected by Obrist. 810 Flow determinations were available from 7 homologous regions of each hemisphere derived from separate scintillation detectors mounted in parallel array. The fast compartment flow (fj) and the initial slope index (ISI) were determined for each region. For this paper, the 7 regional values were averaged as the hemispheric mean. For comparison purposes among patients, the hemisphere in which the bypass operation was performed was compared with the unoperated hemisphere.
Study Protocol
In all cases the rCBF was measured within 2 weeks prior to surgery and at various times postoperatively, the interval between measurements increasing with time from the operation, constrained to some extent by the inconvenience to the patient of traveling great distances for the follow-up evaluation. On the occasion of each measurement, rCBF was determined at least once at rest, and at least once more during voluntary hyperventilation or during inhalation of 2% or 3% C0 2 added to room air. In all cases, the end-tidal ex-STROKE VOL 13, No 2, MARCH-APRIL 1982 pired air pC0 2 was made to change at least 6 torr. When 2 rest determinations were made on one occasion, they were averaged. C0 2 reactivity was calculated from the flows resulting from the highest and lowest pC0 2 of the session as flow change -r-pC0 2 change. Postoperative reactivity change was calculated as postoperative reactivity minus preoperative reactivity.
Results
For the purpose of analysis and illustration the postoperative measurements were assembled into four arbitrary time intervals: 0-2 weeks (22 measurements in 14 patients), 2-8 weeks (14 measurements in 12 patients), 8-26 weeks (36 measurements in 15 patients), and more than 26 weeks (18 measurements in 11 patients). None of the results more than a year postoperatively were different from those in the interval 26 weeks-1 year, so they were grouped together.
There were no significant correlations between postoperative flow change and such individual variables as nature of the arterial lesion, severity or duration of preoperative disability, or whether the patient did or did not have recurrent preoperative TIA, nor whether these did or did not cease postoperatively. There were no significant postoperative changes in blood pressure. Therefore, all patients are considered together. Although there was regional variability, this did not yield a meaningful pattern. Qualitatively, the time courses of rCBF and C0 2 reactivity changes were not significantly different among the seven regions of each hemisphere. All of the data are therefore expressed as the mean value for the 7 regions of the operated and unoperated hemispheres.
Postoperative Angiography
The postoperative angiogram revealed perfusion via the graft of variable numbers of middle cerebral artery branches. This included only 1 or 2 branches in 4 cases while it was more extensive, sometimes including the entire Sylvian triangle in the rest. In none did contrast extend to the anterior or middle cerebral artery of the operated hemisphere nor to the opposite hemisphere. There was no correlation between the postoperative increase in diameter of the STA and the number of MCA branches filled, nor between either of these angiographic measurements and any of the changes in rCBF and C0 2 reactivity whether considered as single regions or hemispheric means. The Resting Blood Flow The time courses of the f, ( fig. 1 ) and ISI ( fig. 2 ) are illustrated. Both indices showed the same general pattern. For both indices the flow was increased postoperatively, the difference between the preoperative and the late postoperative measurements being statistically significant (p < .05) for the operated hemisphere.
Small but significant differences between the two hemispheres were present preoperatively. Though these persisted postoperatively, they became smaller with time, i.e. the flow increased more in the operated hemisphere than in the nonoperated hemisphere. It is important, we believe, to note that the progressive increase was not fully evident immediately postoperatively, but developed over time. This trend was more clearly evident with the ISI.
C0 2 Reactivity
There was no systematic change in the group means postoperatively compared with the preoperative measurements. However, when these data were analyzed individually, comparing the preoperative reactivity with the change in reactivity postoperatively, a significant negative correlation emerged, i.e. the poorer the preoperative reactivity, the more likely it was to have increased postoperatively while the more nearly normal (higher) it was preoperatively, the less likely it was to have changed postoperatively ( fig. 3 ). These correlations appeared to strengthen with time, and were statistically significant only with the ISI. There was not much difference in these correlations between the operated and nonoperated hemispheres (table) .
Analogous correlations between preoperative resting flow and postoperative flow change, between preoperative flow and postoperative reactivity change, and between preoperative reactivity and postoperative flow change were analyzed for, and not found to be present with more than random statistical significance.
Discussion
Seemingly differing from previous reports, 1-6 the absence here of correlation between angiography and rCBF reflects no more than that the pre-and postoperative angiograms were never done on the same day, and often not in the same week as the rCBF, as well as the poorer regional sensitivity of the inhalation method compared with the intracarotid method. 6 The main contribution of this paper is the observation of bilateral hemispheric measurements of blood flow made serially over a long time.
Thus, after patients undergo STA-MCA bypass, there is a gradual progressive increase in flow in both hemispheres, more on the operated side, which probably takes six months to become completed. This increase is ultimately somewhat greater in the operated hemisphere. One interpretation would be that the flow, preoperatively constrained by the arterial lesion (most commonly occlusion of the internal carotid artery), continues to be somewhat constrained postoperatively by the maximum capacity of the graft which, thereafter, progressively enlarges, gradually constraining the flow less and less, allowing it eventually to rise to meet the static metabolic requirement of the brain with the eventual benefit of improved clinical function.
The trouble with this interpretation is that the rest- Weeks Post-Op As we have looked at these data, and those of our other patients, we have noted much more variation in average resting flow level from one patient to another, than between hemispheres with and without arterial lesions, or even within regions of a hemisphere containing an arterial occlusion.
From these and other observations we have been driven to conclude that the bypass surgery does not substantially affect the resting flow level in most cases; that the resting flow preoperatively is adequate for the brain's metabolic needs, while continuing deficiency of it is not the cause of the patient's static or intermittent symptoms. The resting flow progressively increases postoperatively, we believe, not due to the new supply of blood via the anastomosis, but due rather to the normal course of recovery of brain function from the minor cerebral infarction or TIAs which led originally to our having recommended the surgery.
In formulating this hypothesis, we recognize the absence of critical control data which would be needed to sustain it, i.e. serial measurements in similarly affected patients not operated on. These are being collected and will be reported subsequently. We recognize further the unhappy state of being unable to explain the preoperative symptoms in the absence of a simple chronic deficiency of blood flow, but can only suggest that it is intermittently or occasionally transiently insufficient.
Is there then no purpose in the surgery? We think there is. Although the resting flow is apparently not constrained by preoperative blood vessel anatomy, it does appear that the maximum flow is constrained at least in some patients. This is reflected in the observation that the greatest postoperative reactivity in- FIGURE 3 . Relationship between preoperative C0 2 reactivity and postoperative change in reactivity, operated hemispheres 26 weeks. For 18 measurements in 11 patients this relationship is significant p .0001. See also Table 1 .
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creases are in those patients with the poorest reactivity preoperatively. The effect of the surgery is thus not to augment the resting flow, but the capacity for acute further vasodilation. Within the limits of the scatter of the data ( fig. 3 ) one could see the reactivity measurement preoperatively used as a possible criterion in helping to select candidates for the surgery.
The hypothesis is already widely held that in health the principle determinant of the cerebral blood flow is the metabolic need of the brain. 11 We suggest further, reflecting on these limited data, that this determinism also holds true in disease. That is, except during acute failure of the cerebral circulation, resulting in a TIA or stroke, the brain finds a way to get a blood supply adequate to its chronic needs: if a major artery is occluded, a collateral will develop to continue to resupply it adequately, or an acute infarction will intervene, incidentally reducing the demand thereafter.
In this context, the reduction in blood flow following an infarction is due to, rather than the cause of, the reduced function of the brain generally, and of the marginal zone of reduced neuronal excitability focally around the infarct. The flow gradually increases in both hemispheres following the infarction as neurophysiology recovery (i.e. from "diaschesis") procedes unrelated to the effects of the STA-MCA bypass. 12, 13 There are enough clinical and experimental data to document the presence of a range of flow within which function is acutely progressively impaired: EEG change, about 19 cc/100 gram/min., loss of evoked potential, about 16 cc/100 gram/min., K + flux about 12 cc/100 gram/min., and cell death at about the same level. 1418 It is important to realize, however, that these functional impairments can be documented for only the acute state. Both we, and many others, have had anecdotal experiences of substantial improvements in brain function from a seemingly stable chronic state, following carotid endarterectomy, and more recently occasionally following STA-MCA bypass. But having witnessed similar improvements in individuals following cholecystectomy and prostatec-tomy, we have become convinced that these usually have nothing to do primarily with the brain circulation.
It is perhaps too rigid to assert that repairing the brain circulation never improves its function. But as a practical matter, the flow range in the acute situation between impaired function and infarction is so narrow that it is exceedingly rare that the brain would stay in it very long. Either adequate collateral circulation would develop within a few days at the most, or infarction will almost always occur.
